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THE FLIGHT 03’ AN AUTOGIRO AT HIGH SPEXD*

By J. A. J. 3ei~nett

1, NOTATION

forward speed. of autogiro.

meail induced velocity through the disk.

radial distance of blade eleme~t dr from rotor
shaft.

extreme radius.

number of bla(ies.

blade width; for simplicity, coiisidered as constant
from root to tip.

%lade an~le, equally assumed consta:it, measured from
“zero-lift” pOSitiOil.

angular position of blade, measured from position
co-nformably to figure 2.

ai~gular velocity of blades.

ropgm. of rotor.

“solidity,” i.e., ratio of total blade area to rotor

disk area = –~~– .
(ITR)

air density (standard value at sea level, that is,

cwr~, meazi profile drag coefficient for the employed pro-
file.———— _____ ----___ ________ .._.______..—..--------------__________________ .-.-_.-----

*ll~~berden Flug eines Autogiro mit grOSSer GescLwindig-
~eit.11 Z.X.MO, Septemler 14, 1933, pp. 465-4’70.
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,. ,.. ,
angle of attac’k”“of autoitro ;’.i.”’e., “angle of rotor
shaft to the verticalof the flight speed, counted
positjive wheq shaft is .rear,ward inclined.

...... . ..

flapping angle, .i~e., angle bet,ween blade and plane
perpendicular to rotor” s’haf”t.

coning angle, i~egs angle. betweeil blade and its median
plane of rotation.

angle of median plane of rotation of %lades to plane
perpendicular to rot-or shaft.

,. ..

total dr”a~ of rotor. .’

induced drag of’rot”or. ‘
,“:”..

profile drag of rotor. .:.

structural drag in ‘kg at 161 km/h (100 mio/hr.).

lift.
.

thrust of rotor. -..

H———— — i~e., load fa,ctor.
IT P u’ R’ ‘

A’———————— i.e., secaud type of load factor.
IT R2pV2’

. .

v i.e., a kind of speed ratio?
GT ‘ ... ,..”

mean Yelocity through disk p~rqllel to,rotor shaft.

u/(uR) .

load. rating of disk = V-H= 4 ,,::\.j,~?~;

J’=---=<SGSG. ,, ““;:, .. ,. .,, ...
power required to overcome rotor drag. -

:... ,.... . .. ..

~pa, power available (hp.). ..
.. .,...
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The modern autogiro coqs.ists essevt ial.’lyof~y.aconven-
tional engine, propeller, and fuselage support’$,d-ly freely

) rotating surfaces. The power required,.to overcohe the
drag of the rotating w,in,gs.is -i wi$h $Ile”e“x”cept,ionof that

i necessary for imparting an initial. rotat.ion.ai..ta’~e-off -
not supplied by the engine ,but.by the air. f“lowing upward
through the rotor disk. When the profile’”drag is suffi-
ciently low the upward air motion thropgh:ap.ortion of the
rotor disk operating as,.a,windmill produces a hi&her tor,que
than abso,rb:ed ~y t@e,drag; the remainder of..the blade there-
fore operates as propeller (reference 1)* ‘“incontrast t“o,
the orthodox airplane on which the wings move through the
air at the same speed ,as the :uselage, tile.autogiro can
fly at very low forward speed (or at zero forward speed
in vertical desceilt) while its. r,ot.orblades move at high” ~ -
speed. ,,..

By virtue of”il.orizontal,,and.verti.cal” hinges at the
hub , the blades are free,.to move up aid down and to chaag”e
their neutral angular pos,ition. t“h each other to a certa,.in’,.,
degree. As a result the blades assume?, during flight, a .,.
position relative to the hub, so t’hat the resultant of the
forces on the blades passes through the c“enter of the
hinge joint. The blades ”themse,lves are raised when re-
volving in flight direction and lowered when rotating in
the opposite direction. .. .

The principal component of the wiild force on each
blade, i.e., the lift, is balanced by the centrifugal
force component and the blades talie Up a coning position.
The “coning an~lel’ PO, . is usually very small and can be
disregarded in this analysis. The “flapping angle” ~
tail be expanded as a Fourier seiies in tlhe form v, the
momentary angular %lade setting. If the centrifugal force
is great compared to the air forces, all terms of the
Fourier expansion save the first one, can be neglected, so
that

p q~z p, Cos (~ - ~1)

L~
i’

where.., YI = O under.,th.e above assumption and when &isre-
garding the gravity effect on the blades. So in the first

i“ a~proximat ion the up and down flapping of the blades is
equivalent to a rotation of the plane of rotation through

~; :n ~ng,e, p, (“f”ig.1). ../,iIi .,, ...
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Lock has shown that””;.b.y-‘s”@”l”ectiofi”of the plane of mo-
tion of the blades as reference plane, the flapping of the
blades can he disregarded; t.lLatin this reference system
-t:hs.,”:bl:ades”.:hay.e,:wh~l.e,revo.l.~,i:~~gsa:p.e.rlodica.lly changing
Wade.: apg l.~e.i~~,:CQ3?se qu mt W.; the aujo.giro is ~e:chanically.
equiva:le,.n.t’>to: an aircraft :w,itll:.fixed .Wing.s.i::om wh ic-n.the
blade: .ai~g:le:.o.f,the- wing.s[-is---p:e,ri,g.d:icall.y;changed by means
o.fs om.a.,..spec:i.al.-dev.i.c,e~and”:wzer e.~y,t.h.e.a.xis.o-~r otat ion

to,,tl~e..:o~i,ginal axisi : ,, .is;..~n,cliq,e.a”:at.’angle ,!.91 ....
.,.,,”,, ... ,, .,. ,,. .. . .,. .......... . ,.,..... . ,, :‘.

Th:e:.cal..culat..io,n .Of angle &l. ~.e6.ul~.~fr~m.’~~ e..Goilsid-
b ,..e.r.qtiq,,0 f.-the :t,,hru”st rnome.nt.,of~~a.:w.ing~.;a,:ha.wt,-khe h,,ing.e

wh.ich, according. to.,th.&;:prev.i ous:a ssump.-t.ion:, :j..sind.eperv3-
en,t o.$.:~,. ,.,.,~ , -fV.<., .:; .:,..!:., . .:......... ., ..’..’

.:: -.,- .’..,.,,. ,-:..,., .~,..,.., ,.,:.,...,.... .... .
:,.,. !,. .. . ..,,

Glau&,r.t:(ref,erenc e.~2) ~:is.regarde.d”thos qua’re:s.’and ““.::..,

hig:her powe,r.sof the t“ip-spee.idratio h :in his analysis ‘“,,
of .,tlleflow at a.,blade el@me~Ot;:and’ .so uuder.es.tima.t’ed”-the::.}
power of an autogiro at high s-peed. Lock (reference. 3.) ::
repeated this calculation without omitting important terms
and found :th~t.?.Gl,aue.r.t!s theo r.y must;..1e.S’Omuch mo r“~l,mod-
ified. as. ;V..:am,d’ ~ .increas.e~::!I%e modified. theory. :g.iv~s-:.
t.il”qsmme 3 erms.:for the profile;.drag, as Glauer.t !s in.ap-. ..”,
pendik 1“, of h’is ‘report , that is, ,:.. . ,’ ”.’:””

. .. . .. . ..,.,.. ;::”’““
T

.’. ,..,:...’”,.’ ..
.......... “&;-. (1 +“3” A+ ‘“ - ‘ “’””””

.
.“~ = c ,

.,...,.:-
,.. , .-:.-.. ., . .

with consideration to the energy 10.ss.” .

:..In section IV.”,it is shown ~.that thi,s equat ioil lecomes
.“. ”

..”’ .“’ .“:. . w2=
‘l- ~-yfi o +“4.65i%” ,,;,.”’. . .. . ,,

,., .- ....’ ,.,
!.’. .,.. . . . .,.

.“

wlien’the ef:f’ec’tof the railial “ve-lbcity’ is taken ifito ac- :.
c’o”unto “.” ,.. .. .. . ,,...

. ..;.’.

‘Tlieenergy ba.1’anteof a“n“autogfro rests” on the fa”:ct“
that its power (‘,7V) must be equivalent to the power i&-
quired for overcoming the profile drag of the rotor blades
plus We power necessary to produce the vertical velocity
w. If ‘th+- torque were other” than z“eko-.;”“y”eta~lother t+~h :’
fOr thee neigy” equatio.u would ha~~”.t’o”b&’:&d~~d. 1. .. T ~

.,. . ,. .,,, .. ... ...”’. ‘.....,.,;,:... .. ,...
~~xsi.m>le metliod o.f‘.&ll”@Wing”’f~”r t.h~”‘~a$ial velgci~y.

is ~%tained by the hitherto overlooked fia~t.tha”t tile “di-’‘.

-1
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1,

rection of the resultant.. ef.f.p,$tof .t.1~.~.w,ind on the, rotor
is coj.ncid.ent with the axis, of.;the. 6“$.i@al~ surface, de-
scribed ‘oy t’ne blades while rev”ol.v,i!~l’~”.,,”’.“ ..,, ,, ..,,. $

According to figure 1,
,.... * .,. -.. .

W = H (a +,.,~.z)m,,-...... .

This equation is used in section IV to tie a and
~ to the fund,amestal quantities. Glau.ert :hd.Lockls as-
sumption of constant axial velocity, thr.o-ugh.’the‘“ro”t”ordisk
has bees retained. Although the veloc~ty. nea-r tlie.”po”ilits,”

r (fig. 2) .is high; ‘“;:, ”~’=’;n,. it i% low across -tile.ef-

fect,iv”erange of the blade and pat e:l’t,lynegat ive at the;
blade tip ,(refer”e,nce.1”). The mean velocity u through
the disk bein,g small , it may with sufficient accuracy “be‘

presumed that x = ;~~ slid that at low ailgles of attack

the distribution of the induced velocity is similar to
that of a fixed-wing system, i.e., that a so-called Lail-
chest er-Prand.tl vortex system is formed.

‘T’h.&contention that in flying a ‘stated distance. the
roiating wing describes a much lon~ter path than the fixed
wing of a conventional airplane, and that for this very
reason the energy” loss must be “greater, .is “not plausible
because the surface chord of”.the .roiating wing.”is consid- :
erahly less than that of the correspondiilg fixed wing.
The induced power cannot, by virtue of the similarity of
the vortex system, be materially iiiffereilt.fkom that of
the conventional airplane of span equal to rotor diameter.
The. power loss due to’profile drag.is, to be sure, greater
on account of the higher. relativ.es peed of. the bladew’per
unit surface, but by assuming sufficiently small solidity,
the totalpower loss can even become less than oil the:cor-
responding fixed-wing system or, ia other words, -the max-
imum speed of the autogi”ro can actually be higher than
that Of the corresponding airplane ~.nd that ,wit~Lout sacri- “
ficing the” a’d+anta”ge of low landing speed. ,

. .. .

Hitherto the autogiro had a high structural drag, due
in part to the lir~e tail surfaces necessary ‘to i-nsure the
initial rotor rotation by deflecting the slipstream; then,
to the” elastic bracing of the wings and the existeilce of a
small fixed wing. carryiilg the ailerons. On the latest a-a-
togiro the rotor is coupled to the e.ng,iile,the wings are
cailtilever, ailerons and elevator are omitted, the coi~trol
being effected %y tilting the rotor shaft.

—



:”,““13erein~f% er”“fb12~ws a me”thod ‘~or”codptiti’ngthe’ “f1i~ht
perf orlnan.ce”““of’‘an dtitbgftio at higti speed, ‘the”‘Velioci”ty “
component along the *llad”ds ~,~ing .%c”co.unted fod“by 6al&-
lation of the profile drag and the equation for zero
torque.

,.. ... . ,,: .,, .r... ,“ ,..... . ..

III c INDUCED VELOCITY

;,...:, ... ,,,.. ..: . . .
..:: ‘Anal”ysis o“f.:%he‘air,di’s”turbancek left %ehind re’vea.ls.
:th”tit‘the mean tnduced vel”oc”ity .’w through the “rotor” dis’k
of a“n“autogiro of radius” “R””at’’small angles of attack is
.approximatel.y. equal to..th,e imdu,~ed ve,loc,i.ty,of,an airfoil:
of span 2R” with” equal total lift. As surning that the
number “of ‘blades ~isgot ti”bosnlal’1,:t”~estrting”thand” dis-
tribution of the produce”d v;ort’ices are~”s’e’nsihlythe same
as on “the airfoil “of span’ 2R. “On’ it’”the ‘velocity w ‘
with :elliptic. lift distribution is :’. .

,.;
,., ...11,,. ,. ‘, : ‘..”,
“.’ .W= ——————- —-.— .“. “(1)

Z-naz’p,v, ,.. ,. “., -..
.’”.

The dis.crep.~ncy of this forinul.abecomes larger as the?, .,.
n.q~%er of b>-ad,es‘becomes ,les’s7.“but.thi,s..,fact can, b“e d,is.-
reg,~~y.ded.”-in the, theory of “th,eterms”’of the:.fir.s’torder.?
bec:aus,,,e.:“at”smal’1 .angles,”,of atta,ck’the induced drag is
much “.lo.w”eithan the ~pro.file drag. ,,. .. : ...,.,,,.!.,.

,,,;..:’.. .. .. . ...,.
...... ,.

“ IV c.EQUAT IQ’~”‘~o”~‘.~EROTOR,QU,E., . , .,. .....
,. ... ... ,, ,

. ..’. . .. . . .,.

. . .. .,

.’The’,,total react ion.,of..the wind on the ro.t.oris. coin-
c-id,entti.ith.the effective” ,a,xi.sof the cone de,scri,b.edby.

.T,hu.s..the energy output per secondthe r&olv”ing blades. ,:.
is ,., .., ,..

. Wv= .V-i(a+. p+ , “,. j.
,- .. ”.,,

Since$ however, the t..orqueis zero aildthe ra,isiilgof the
blades requires no ener~y, tile total ex~ended energy
equals the amount..o.f.eilergyper s..eeond.performed ,by the,,.
production of the .p.xofile and the,:induced dra~. ,Therefore,

., ....!’ ... : .“. .,

WF, . v~H (a \.:.@lj)j”= tilV .:~.,::~2v; ;.,- “.”’,;.... ; ; ; .. , : ;
...... ,........ .2? R..”. . .,’. .’

=... ii. +:“:~~.“{..”~~,{ P t .C,W~:Zy@3 + .:.(,2,).,.+
,,...,,. ,.:, ............... ...’,,:.:.,, :.,.

9, .. “.’” :,.”, ‘“. . . . .. .

,,. , ,,,,,,.,-, ,,!.. ,, .. . . ..— ..—..— –1
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I

whereby ,.. -, ::.,,,...,.....:. ... ,. ,’.” ~:. :,. ,.; , . .,
. . . . . . : ... , ,.. ,,. ,

\

I‘,

I
~m is”the resultant .o.fflight “speq& v T qnd t~p .syeed

I

II
rw of blade element dr at distance r from the rotor

,~! s’hafts “ It is equivalent:.to..~ p:ug?..:rq$:qtion.a,t.an,gul+~
.,
,1 speed O about a point defined (see fig. 2) bjr t’~e,.jolar

1!
‘1 coordinate

...
.!

.. .

1:

I with
I ,.

the second term on the right-hand side of equation (2) ‘be-

1 comes

In additionj si~ce
v Cos ~-..-t-ti-- is le”ss than 1 over.”the major

part of the disks, we can “&xpand ““ “

.,’. ““.-.. ,, ”,’-

[(
@4L-YL” “ .“ “.

1- ‘ !y?!-’-’y
/ ,1,. .. .,..,..

to a series ,., ,. ... . ..

“v coS’j)2 + z (v_cQS..V=)4+ _5_fl(,Y CQS..PJGj- et~,1+; ’–-,7;.-.(. g- ,,:“/“ 8 /::~Ld j’ 16 .,.’~”h)”.; .
.,. .,..,, -.,, ,.: ..,,, :,

This series converges quickly. ,.

II

~~ Limited to the,firs~tllree terms, the integration

I

yields

:7
\ V2 v
1’

~ Ii=’cJ pcwmw%
. = ———-—__————11

,.,, 8p

I Rsa PCwm@n;. ——————————=
I 8

,.. .“ ‘.

[1 + rn-h2]., ““’ .,,.

—
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m being given in the appended tabulation: ,T;:..o., .

:.’A 1.0 ‘:0:.75,:~a~o.’..-.(3:’50: Q.& - 0’,,30“. 0.00

m“ d;tlj?: :’4.,67”.”~06&.”’.&~~:: “’.4mf5~,:,.:4’0,58:::’4,50 :
. . .... . ,.’. ... ,.- ..‘.. . ,..’ ‘i.’,,,.,‘-.:. .,,~.,.,..”., .

whereby

.....

... .

Hc = H———_-———
. ‘n .p;...@2R4

or, since according to (1)

~,=” ”-H..—___ —.—
v ‘2pv2n”R2’

,. ..’. “w. Hc “,~~~! ~ Cwm--= a + ~1 = _.._ +:-––—_ (1 + 4e65 ~2j
A 2 A2 .>,8,Hc ,h

....... .,.

This is the equation for zero

V . FUNDAMENTAL

torque.
‘,.. ..

.

EQUAT IONS

..,., ; !..

.’ .,,.....

,.,
,“. .,

‘(i)
‘. ..

.,:
. Since the ‘radial velocity co.mpol16,ntcan” be .negl~cted

when computing the lift and @l, we have, according “to
Look (reference 3) .

.. ”.” “::”-””. :...’.

2h(x+ 4a)
@l = “.-----L. ~z\2g) ; “ .“” ... .“, (5)

1-2/

and

[..
(

Hc =.;o .,;.x.+ ag ‘1 .+; A.2..:- .,. - ,)1..,,.. .’ {.””,

with

x =A@.”E)=k@-” ,% )“ ““”
v ,/ 2.~2j’ (7)



ZYn. ,.

.,::..,:

. ..

.. , .. ,..,...’
1.:, ... . . .

1’j .. ..
1’
i According to (6)

[

—
2 Hc :

.,
~= - ~..-, &g(l+; h$) ,. ..,.. (8)

3 .0—

I hence

3 ~~(1.,+ 4.65 “A*) (1 _:_;_h2)’
—- Cwm _____ —__— —— -...—.-. . — — (9)

= 16 l+ $):-.

‘~ IIc
,!

——

I (s

. . .,, .

being expressed by ag, Cwm , and h .

,.

... .
.“ ..

‘.VI :.NUMERICAL RESULTS
,. :“

i

j
,1.,,’. -., .”

. ...: ‘.

~e Having defined He/o for stated values of ~, ag,
and cWm , we compute’ “x. from” (8) c ka is assessed for

~ avalueof 0 from . .:. ,.:
. ..

I> ,HCI;: %..= ,,J_–,.–a- ,’:,, .: :“-.. .,,,..,.’-. .~~ = ~2 (~~)
.:.. ... iO/’h2

l+- --
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and W/A from +~e-.. .:.,:.:..{

w

ii
f’t. ): i,’

! ‘.. .

.-
,,.

.,.

+ 4 ...,

can
.

““det.er,qinef r
.,

Om“’(7)a

ka--
2

.,.
...

(12)

and ~,
,.

Til
ues of
namely,

from.. ,.

.e tip velocity
the load ratin

v..~,-, a

is .obta
from th

—— .-

1

... ..
1—-. —

p Hc

(13)

.1-

(14)

,

ine
ee

.,.

d for varying va
quatiori for IIc,

“.
-.

and v is defined from

v (15=iul R

The rotor speed can be determined for a stated R
m’fro

60 w————
2’rr

30 WR—..—
nR

(16)

,.

d 5
pro

illu6tratf3 th
file drag on ka

Pigures 3S
blade an~l
less than

4, an
, and

:.10..

ect
fo

of solidity,
r values of

...
VI ●

insure suita%le landing qualities
eilt (reference”l), 5;* is necessary
ading i. To illustrate: Assume
Sqaft.). Accordiilg to (14),and (1

and slow
‘.tb Ximit
i = 9.76

5) ,

rate,
the
kg/m2

of d
disk
(2 1

LoR 8.83/~--
. ..—-
Hc

F‘igures

v.. 8.83A
,..

●

‘Qf

,..

so:l.i.dity,5, 7, and 8 s’ho17the .th’e
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the blade angle, &nd the profile drag on W./A for a num-
ber- of v values.

e--.,,. . . .... .
.,The results indicate ,that.for, high speed: 5“” should

be as.small as possible, and ,ag ..b.eas large as p“ossible
for .a given c~m. It is therefore of advantage to use
thin, nzirr~w blades, on which the flow lreaks down gradu-
ally When ag is too great, the flow breaks down on the
retreating blade and %m becomes excessively great.

VIII- MAXIMUM SPEED

The power TP necessary -to overcome the rotor drag
is given by

(17)

The effect of 0, ag, aild i oil the “’qP/A is shown

in figures 9,.10, and 11 fo,r divers values v.

If Wa is the structural drag (in kilograms) at 161
km/h (100 mi./hr.) speed, the thrust required to overcome
the structural drag for v km/h is:

W3 V3 x 1.43 x 10-7

Then the maximum speed Vm is given by

qPa = qp + (W3 VM3 x 1.43 x 10–7)

~Pa = total available thrust power.

,..

IXo COMPARISO~ WITH AN AIRPLA~E,
,,

(18)

W/A changes but little with v at high ”speed, h&lce
the power loading ~P/.A increases. sensi31y. mroport:onal
to v, as seen. from equ”ati.on (17). ,Oa,,a,na~rplane.with
span equivalent to the’ diameter of the amt,ogiro and with
‘the same structural drag,; ,,the,,ponerloa?zng is,9$act.i.call-Y
p$oportlona:l to V3’;.’”Co,nSequentiy,,the ’autogi.r”o.can at-
ta,i.zi’~a,’~ig~.e$,ma,xi~urn,..s~eed.t’h~n,an airplane. Of the “same”
power loading (.refer@nce”4).. ,“ ‘“,: ,“ “; “. ., ....,.. . ... .

.. . . ... ., . . . . . .. .,
. . . ,... . ... .,” ‘.

,.

II –
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Th. v. Karman published a comparison of flight per-
foimaiices’:on~:aa,.auto~$ro, an~ortho.doxairplane., and a hel-
icopt~r,.(r.efer-ence. 5) ,’lnzt..hi3.”autogiro evinced”a Jiigh ~
structural drag. To ”compaie:tlie perforrnanoe of an auto-
s$ro, with.that of aconventional--a$rplaiae~ we, designate
aa airpla~e as, ~~comparabl.e” whose span equals the-~.rotor.

“diamqter-ofthe autog.iro and.whichhas the.sarne lift a~l.d
structural drag and the same thrust horsepower, and the
same wing profile.

.. . ..
.,,, ,.. :.

Let W2~ = profile drag,

. . . . . cm.~.“= drag coefficient of profilel.-.~nd!.“’.,.,..

s = aspect ratio of the.airplaneo.,,
.,..

Then, 2R2 (19)T21 = Cwl p V2 –__
,s.. . .,.,..’ ,’. ,..... .. . . .

Trom (4) follows .“
.,.

., ...
hence ‘

,.

W2
.—— =
~2 1 :6;$ (l. + 4.65 A2”)

...

(20)

..
If the area of the wings”is the” same as””that of ‘the atito-
giro blades, it gives:.

4 R2
———— = .J.~R2.
s “’

Consequently, .,, ,,..
,’.

W2’”””____
,~21 = @ ‘1+4“65 f)---~-~-y---- ‘ 1,’,

w$en i’< 1.
..,.

Aii”&iiplan6 with the ‘same’miilg’’&rea’as the modern an-,;:,,

togiro”’’wou”ld,hotiever,’have a very high landing speed, and
t~~~iefo+e &annot “be considered as a llcol~parative airpl~ne.a~l

Fbr ‘autogiro blade~ of ’Gottingefi”section”’429 and “0”’=:0.07
and i = 9.76, the surface loading is i/~ = 139.3 lcg~ma
(2805 }b. /sq. ft.). The maximum lift coefficient of air-
foil Gottingen 429 is about 1.16, and the landing speed =..——

144 /
139 3——_s _ =

% 158 km/h (98.2 mi./hr.).
1-16

The rigid surface
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0f th,e,,11compar:at,iy.e .ai.rplane’fmus-t fog. t@t. reasop be ,g,ri3at-
er thti .~h6 a.ut+o.gjr~o~,b1ad bs“’.,’,Vi%h’ the l,a”n-diligspeed of.~the.,,1 .i’~”::~&& :..t.o::~o.o-g~h/,~-(.5~*~:-q:lo,II~“o~p”ara-t~+e ‘a”i”rpl~n~

(7 4 lti.jS~gf%:.), an; ~~~’.~‘the wing loading is 36.1 kg/m2
..?.,..

wing ,.ar~.a.j..:t~qn3.-.8.6t,imes as. grea.1,.as t.h.e~1.%d.earea “of the,.... ..:..,..,. ,.
a~uto.giro.9

. . . .... .
...,:!.,”,”“..;. .- ....’ ..:. ”.”f.,’:’::“:. ..,......’..:.“.’.:..!.””;..”...,,..’

F~.&+& ii &&j: ““ttie:-per,fo.rrn.a.nc;.of ,.c(b:$U<:+”$::O.+mE
the parameters ag = 4° = 0’.’07;““a“ = ““0’-07’;” cWm

=, ... . ~12.
a

i= 9.76 in contrast to our defined “comparative airplane-ll
I!quation (19) tecomes ,.,-..,.;,....,,:,...,.,,,;..

... . . ..- .,.. -.

~2 I Cwl p v~

(

~ )2
––----––. = 0,173 ---- J‘K- = ,..7.2?2 .,. ...... .??9<.’.,“:..,::., .’ . “,..: ,,. ,:

because cwt = 0.01 and .’~ =...”;.125:,’””,-:“ ,,::,.“,

,
‘ “The thru-st power .?lP:i””“’for. “o;erc.,oming‘i’~,du.ce$, &ag ‘

WI 1 and profile drag- w~ 1 ‘id’’give-n w“ith .
,.. ..”

,.
. . . . . . .

e

75 ,TJ21—- —-J .— ~

A

.,,. .=

..”.

.., ..:..,W1l:-W21
( )

:>, ”!4 (. .,””.,

-——

A + ‘~– “v .,’

A
-—— A.-——..—+-’
(2np R2v)

+ 17.3” f-!–$:; *
\loc)/

,“. .,; .. . . .,,

(21)

The VP l/A values computed from t-his formula are in-
cluded in figure 12.

X . REMARKS

As in Lockts previous report, the angle between the
blade and its mean plane of rotation, has been disregard-
ed, the axial speed component ever the autogiro disk as-
suiied to have a constant value, and the partial reversal
of the trailing edge in the leading edge on the receding
bladet neglected. As a result of which the calculation
becomes so much more uficertain as the values of x ‘become
greater.

On the high-speed autogiro of the future, with a ratio
of over ‘7 of maximum to minimum horizontal speed, h will,
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Figs. 3,4
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